Background: The number of elderly patients suffering from ischemic stroke is rising. Randomized trials of mechanical thrombectomy (MT) generally exclude patients over the age of 80 years with baseline disability. The aim of this study was to understand the efficacy and safety of MT in elderly patients, many of whom may have baseline impairment. Methods: Between January 2015 and April 2017, 96 patients ≥80 years old who underwent MT for stroke were selected for a chart review. The data included baseline characteristics, time to treatment, the rate of revascularization, procedural complications, mortality, and 90-day good outcome defined as a modified Rankin Scale (mRS) score of 0-2 or return to baseline. Results: Of the 96 patients, 50 had mild baseline disability (mRS score 0-1) and 46 had moderate disability (mRS score 2-4). Recanalization was achieved in 84% of the patients, and the rate of symptomatic hemorrhage was 6%. At 90 days, 34% of the patients had a good outcome. There were no significant differences in good outcome between those with mild and those with moderate baseline disability (43 vs. 24%, p = 0.08), between those aged ≤85 and those aged > 85 years (40.8 vs. 26.1%, p = 0.19), and between those treated within and those treated beyond 8 h (39 vs. 20%, p = 0.1). The mortality rate was 38.5% at 90 days. The Alberta Stroke Program Early CT Score (ASPECTS) and the National Institutes of Health Stroke Scale (NIHSS) predicted good outcome regardless of baseline disability (p < 0.001 and p = 0.009, respectively). Con- clusion: Advanced age, baseline disability, and delayed treatment are associated with suboptimal outcomes after MT. However, redefining good outcome to include return to baseline functioning demonstrates that one-third of this patient population benefits from MT, suggesting the real-life utility of this treatment.
Introduction
Acute ischemic stroke is a major cause of disability in the USA. About 30% of all strokes occur in patients over the age of 80 years, with 17% occurring in patients over 85 years [1] . It is anticipated that the incidence of stroke will more than double by 2050, with the largest proportion of these incident cases occurring among patients 75 years and older and minorities [2] .
A recent analysis of the Get with the Guidelines-Stroke study population showed improved adherence to treatment recommendations among elderly stroke patients [3] . Despite closing the gap in age-related differences in care, elderly stroke patients continue to have poor outcomes with higher mortality and significant disability at discharge compared to younger patients [3, 4] . Known predictors of poor outcome in elderly patients include comorbidities and risk factors such as hypertension and atrial fibrillation, an age ≥80 years, baseline disability, an initial National Institutes of Health Stroke Scale (NIHSS) score ≥7, and medical complications during acute hospitalization [3] [4] [5] [6] . Traditional medical therapy has consequently yielded suboptimal results in this patient population, with a reported mortality of 45% [7] .
Current data regarding treatment with mechanical thrombectomy (MT) in elderly patients are limited to those with mild baseline disability. Recent randomized trials have primarily enrolled patients between the age of 18 and 80 years with no significant baseline disability [8] [9] [10] , although some trials did include octogenarians [9, [11] [12] [13] . Under these conditions, the results showed that MT not only was safe but also produced the strongest treatment effect in patients ≥80 years old [7, 14] . Despite these encouraging results, there is a lack of data describing real-life outcomes in both elderly patients with mild and those with moderate baseline disability. As many as 33% of octogenarians presenting with ischemic stroke are not independent at baseline [15] , and as the aging population grows, the number of elderly patients requiring treatment will increase. Therefore, the potential utility of MT in this group is of interest.
The purpose of this study is to evaluate the safety and efficacy of MT for ischemic stroke in patients ≥80 years old with baseline modified Rankin Scale (mRS) scores of 0-4. The results of this cohort were compared to those reported in randomized trials in order to understand the benefits of MT in the context of real-life treatment of elderly stroke patients with variable baseline disability.
Methods

Patients and Variables
This study identified consecutive patients in a prospectively collected MT database of anterior circulation acute ischemic stroke cases between January 2015 and April 2017. With institutional review board approval, we retrospectively collected data on all patients aged ≥80 years who had received MT during this time at two tertiary care centers in Ohio, USA. The baseline demographics, procedural variables, and postprocedural outcomes were recorded. Symptomatic intracranial hemorrhage (sICH) was defined as an increase in NIHSS score of ≥4 points with evidence of hemorrhagic conversion on CT. Pre-stroke mRS scores were obtained upon initial presentation, and scores of 0-1 were considered "mild disability," while scores of 2-4 were considered "moderate disability." Good recanalization was defined as a TICI (Thrombolysis in Cerebral Infarction) grade ≥2b, and good outcome was defined as a 90-day mRS score ≤2 or return to baseline of function. NIHSS and mRS scores were assessed by certified nurse practitioners or stroke neurologists, and 90-day outcomes were assessed during clinic visits or by phone interview.
Elderly patients who presented with anterior circulation acute ischemic stroke and who had baseline mRS scores of 0-4 were taken for thrombectomy in accordance with family or guardian consent. Patients with severe disability (mRS score 5), advanced dementia, and comfort care measures in place were not treated. Patients were selected if the Alberta Stroke Program Early CT Score (ASPECTS) on noncontrast CT was > 6. CTA was performed to demonstrate evidence of vessel occlusion in all cases unless noncontrast CT showed a hyperdense vessel sign. Thrombectomy beyond 8 h from symptom onset was undertaken if perfusion imaging (CT perfusion) showed a small core and large perfusion deficit. Patients transferred from outside facilities were managed according to a drip-and-ship protocol with imaging at our institutions upon arrival. Post-thrombectomy care included monitoring in the neurointensive care unit and evaluation for development of intracerebral hemorrhage on CT at 24 h.
Endovascular Technique
The patients underwent MT with second-generation stent retrievers (Trevo or Solitaire) and/or aspiration with a Penumbra catheter at the discretion of the neurointerventionalist. Conscious sedation was preferred to general anesthesia; however, in cases of noncompliance or respiratory distress, patients were intubated and maintained under general anesthesia. 
Statistical Analysis
Results
We analyzed 96 patients over a 27-month period at one primary stroke center and one comprehensive stroke center. For the primary analysis, the patients were divided into two groups according to their baseline mRS score: 0-1 indicating mild disability (n = 50) and 2-4 indicating moderate disability (n = 46). There were 44 patients with a baseline mRS score of 0, 6 patients with a score of 1, 12 patients with a score of 2, 18 patients with a score of 3, and 16 patients with a score of 4. One patient in the mild disability group was lost to follow-up. The baseline characteristics, comorbidities, and outcomes are summarized in Table 1 .
At baseline, the moderate disability group differed significantly in that the patients were older (mean age 86.7 vs. 85 years, p = 0.017) and there were more female patients (76.1 vs. 50%, p = 0.01). Compared to the mild disability group, in the moderate disability group significantly more patients were diagnosed with dementia (28.3 vs. 4%, p = 0.001) and anxiety or depression (37 vs. 8%, p < 0.001). The successful recanalization rate in the overall cohort was 84.4%, with no differences between the patients with mild and those with moderate baseline disability (84.0 vs. 84.8%, p = 1.0). The overall rate of hemorrhagic transformation was 37.5%, with 6.3% of the patients experiencing sICH. Arterial dissection occurred in 4.2% and subarachnoid hemorrhage in 5.2% of the patients in the overall cohort.
Good outcome at 90 days was attained in 33.7% of the patients. Forty-three percent of the patients with mild baseline impairment achieved a good outcome, compared to 23.9% of those with moderate baseline disability. However, there was no significant difference between the groups (p = 0.08). The overall mortality rate was 38.5%, with significantly higher mortality The rate of in-hospital complications such as pneumonia or urinary tract infection was 30.2% in the overall cohort, with no significant difference between the groups. PEG tubes were more frequently placed in patients with moderate baseline disability (21.7%) as compared to those with mild disability (6%, p = 0.035).
The most common location for discharge in this cohort was a skilled nursing facility (38.5%) ( Table 1 ). The discharge disposition was significantly different between the groups (p < 0.001). Patients in the mild baseline disability group were more frequently discharged home and to inpatient rehabilitation when compared to the moderate disability group (8 vs. 6.5% and 58 vs. 6.5%, respectively). Those with moderate disability more often went to skilled nursing (58.7%) or long-term acute care (6.5%). In-hospital mortality was significantly higher among those with moderate baseline disability (13 vs. 0%, p < 0.001). Values are presented as n (%), mean ± SD, or median (IQR). Under "additional comorbidities," the category for recent trauma/surgery includes falls, bowel surgery, subdural hematoma, and hip replacement. In-hospital medical complications include aspiration pneumonia, respiratory failure requiring ventilatory support, urinary tract infection, acute delirium, sepsis, PEG tube displacement, deep vein thrombosis, and cardiac arrest. mRS, modified Rankin Scale; COPD, chronic obstructive pulmonary disease; tPA, tissue plasminogen activator; ICA, internal carotid artery; LKN, last known normal; sICH, symptomatic intracranial hemorrhage. 1 n = 95. 2 n = 49.
Table 1 (continued)
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Secondary Analysis: Comparison of Outcomes by Age
An additional analysis was performed comparing outcomes stratified by patient age, with patients ≤85 years old (n = 50) compared to those > 85 years old (n = 46) (online suppl. Table  I ; for all online suppl. material, see www.karger.com/doi/10.1159/000487333). One patient in the younger group was lost to follow-up. The groups were not significantly different at baseline and had similar treatment metrics. The successful revascularization rate was not significantly different between the groups (90 vs. 78.3%, p = 0.2). There was no significant difference between patients ≤85 years old and those > 85 years old in the rate of good outcome (40.8 vs. 26.1%, p = 0.2) or mortality (34 vs. 43.5%, p = 0.4). In a pattern similar to that of the first subgroup analysis by mRS score, the discharge disposition was significantly different (p = 0.002) between the age subgroups, with the patients > 85 years old being less frequently discharged home or to inpatient rehabilitation than the younger patients.
Secondary Analysis: Comparison of Outcomes by Time to Treatment
We assessed for differences in outcome between the patients treated within 8 h of symptom onset (n = 71) and those treated beyond 8 h from symptom onset (n = 25) (online suppl. Table II) . One patient treated within 8 h was lost to follow-up. There was no difference in the rate of good outcome at 90 days between the two groups (38.6% within 8 h vs. 20% beyond 8 h, p = 0.14). The mortality rate among those treated beyond 8 h was not significantly higher than among the patients treated within 8 h (56 vs. 32.4%, p = 0.055).
We performed a univariate analysis of the baseline characteristics, comorbidities, time metrics, device used, recanalization grades, and complications and found that NIHSS score (p = 0.009) and ASPECTS (p < 0.001) were the only significant predictors of good outcome. Using these variables in our prediction model, we found that ASPECTS (OR 4.49, 95% CI 1.99-10.10, p < 0.001) and NIHSS score (OR 0.897, 95% CI 0.818-0.984, p = 0.02) were adequate pre dictors of good outcome.
Discussion
In this study, we examined outcomes in patients ≥80 years old who underwent MT for ischemic stroke. This "real-life," comprehensive cohort of elderly patients included those who underwent MT despite a mild-to-moderate degree of baseline disability. Our findings demonstrated that good outcomes were less common but still attainable in patients who were very elderly, had moderate baseline disability, or received delayed treatment. The mortality rates were significantly higher among the patients with moderate disability.
The recent HERMES analysis [7] and STRATIS registry [16] included elderly patients aged ≥80 years without baseline disability and reported good outcomes (mRS score 0-2) in 29.8 and 43.2% of the patients, respectively (Table 2) . Similarly, our rate of mRS scores of 0-2 among patients without baseline disability was 40.8%, thus supporting the findings of HERMES and STRATIS that patients aged ≥80 years achieve respectable rates of functional recovery when their premorbid disability is minimal.
There is an overall lack of data describing outcomes in patients who are not independent at baseline. Our results show that 23.9% of the patients with moderate disability could achieve a good outcome when the definition was expanded to include return to premorbid functional status.
Our 90-day mortality rate of 26% among elderly patients with premorbid independence aligns well with the data in HERMES (28%) and STRATIS (27.5%). Our overall mortality rate increased to 38.5% after the inclusion of patients with moderate baseline disability.
It is evident that older patients with premorbid functional impairment have worse outcomes than those who are independent at baseline. Although the mechanisms underlying the connection of premorbid functional impairment and worse outcome remain unclear, frailty, a known predictor of poor outcome in stroke patients [17] , may be an important factor to address in poststroke care.
In our study, the ASPECTS was a predictor of good outcome for the entire cohort. A study conducted by Danière et al. [18] found that the predictive value of the ASPECTS varied by age subgroup. The authors suggested that elderly patients are more likely to benefit from MT when the initial ASPECTS is higher and the ischemic core is small. Elderly patients are far less MT, mechanical thrombectomy; tPA, tissue plasminogen activator; mRS, modified Rankin Scale; sICH, symptomatic intracranial hemorrhage; ND, no data available. 1 Includes an mRS score of 0-2 or return to baseline functioning. 2 With 10 patients from MR CLEAN with a score >2. 3 Timing not specified. 4 Includes mRS scores of 5 and 6. likely to achieve good outcomes when the core infarct size is large, though younger patients with a similar lesion severity are still able to experience good recovery [18] . Consequently, imaging may be a more selective tool than age or initial functional status when deciding on a treatment. Additionally, in our multivariate analysis there was no specific baseline comorbidity that predicted good outcome.
Elderly patients treated within 8 h tended to have better outcomes, though patients outside of this time window still benefitted. The recently completed DAWN study [19] showed that MT performed up to 24 h after symptom onset decreased disability; thus, treatment beyond 8 h is a reasonable pursuit. A significant drawback is the high mortality rate seen among elderly patients treated beyond 8 h.
Revascularization is a key factor in predicting good outcome [20] . Elderly patients in our study and in others ( Table 2 ) achieved good rates of recanalization despite the challenges of increasing atherosclerotic burden and vessel tortuosity with age [21] [22] [23] [24] [25] [26] . However, many elderly patients still do not achieve good outcomes despite successful revascularization. The reported rate of futile recanalization among elderly patients has been 45-54% [23, 27] , and in our study it was 50.5%. This is likely multifactorial, and possibly related to decreased neuronal plasticity with age and to diminished capacity to recruit the collateral circulation, with subsequently larger infarct volumes [18, 28, 29] .
Procedural complications merit careful attention due to the heightened risk of mortality in this vulnerable population. In our study, the rate of sICH overall was about 6%. This, along with data regarding vessel dissection and subarachnoid hemorrhage, aligns well with data on other cohorts of elderly patients undergoing MT [22, 23] (Table 2 ). The average rate of sICH in HERMES was slightly less at 4.4%, though it is still reasonable to conclude that elderly patients are not at increased risk of procedural complications. The rate of asymptomatic hemorrhagic transformation in our study was high, which, however, may be attributed to the generous rate of IV tissue plasminogen activator administration among our elderly patients. Of the 46% who received tissue plasminogen activator, 34% experienced hemorrhagic transformation.
With a waning life expectancy and increased risk of medical complications, it is reasonable to question the value of invasive treatments in elderly patients. The quality-adjusted life year (QALY) is a metric used for understanding treatment benefits. Steen Carlsson et al. [30] reported that MT produces QALY gains across all age groups, though the gains diminish with increasing age. In the context of disabling conditions like stroke, it may be argued that even small QALY gains may have a substantial impact, particularly at the end of life. A recent analysis based on findings from MR CLEAN concluded that MT is a cost-effective therapy even when including patients with disabling outcomes [31] . This suggests that the overall shift towards reduced disability compensates for any increased costs for patients with poorer outcomes.
In this study we created a broader definition of good outcome to demonstrate that patients with moderate-to-severe disability can benefit from MT with return to baseline functioning. The traditional definition of good outcome was useful in demonstrating the initial safety and efficacy of MT devices. However, when considering real-world applicability, good outcome can reasonably be expanded to include return to baseline functioning. This study was limited by its retrospective design, and does not account for outcomes in elderly patients who were treated with conservative therapy only. Due to the nonrandomized nature of this study, there may have been a bias in patient selection for those with less severe presentations. Extensive information on baseline disability, such as the Barthel index and in-depth cognitive testing, was not available and was not part of the selection process. Information regarding the extent of dementia was based on family input, though mild dementia is frequently underdiagnosed and families often understate the extent of cognitive capacity in acute triage. Lastly, the sample size may have been too small to detect significant differences between groups.
At present, MT in the very elderly has demonstrated benefits when used selectively in those with mild baseline disability. Although good outcomes diminish with increasing age, premorbid disability, and delayed treatment time, the potential for reduced disability at low rates of procedural complications makes MT a reasonable therapy for stroke patients who are very elderly or may have baseline disability. Future randomized studies are necessary to elucidate whether the benefits of MT persist in those with some degree of disability, and whether the superiority of MT over standard medical therapy remains consistent in this population.
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